In Spain environmental surveillance has mainly relied on measures of selected pollutants in air, water, food and soil. A study was conducted in Madrid to assess the feasibility of implementing a surveillance system of exposure among the general population to specific environmental pollutants, using biomarkers. The project was basically focused on the environment surrounding newborns. Hence, the study population was made up of 145 triplets of pregnant women at around 8 months' gestation, their partners, and newborns from two areas, representing the two main types of urban environments in the region, i.e., the City of Madrid and its outlying metropolitan belt. Multiple biologic substrates were collected from each participant in order to assess the most suitable samples for an environmental surveillance system. The selected contaminants represent the main agents to which a population like that of Madrid is exposed every day, including certain heavy metals, persistent organic pollutants and polycyclic aromatic hydrocarbons, as well as micronuclei in peripheral blood, a commonly used unspecific index of cytogenetic damage. In addition, passive air samplers were placed around subjects' place of residence. This paper reports in detail on the design and response rates, summarizes field work results, and discusses some lessons learned. Key words: Study design. Environmental biomonitoring. Exposure assessment. Childhood. Adults.
Introduction
T he last century witnessed an important shift in the pattern of diseases worldwide. While developed countries have managed to bring about a significant reduction in incidence and mortality associated with infectious agents, chronic disorders have become the leading cause of illness, though for some of them their causes are still largely unknown at present. Modern lifestyles and industrial development have improved the quality of life but have also exposed the general population to a variety of air-, water-and food-borne toxic substances. Within the complex causal frame proposed for chronic disorders, there is increasing evidence of environmental pollutants being involved in the occurrence of these diseases [1] [2] [3] [4] [5] [6] . Although ambient pollutant levels are generally low -and indeed much lower than those found in specific work environments-their health impact can nonetheless be quite relevant from a public health perspective, since exposure may affect the whole population during long periods of life. The increasing importance of environmental contaminants has led to a great number of studies targeted at improving current knowledge on pollutant exposure levels among humans and their health effects. Since the 1990s, some countries have implemented surveillance systems using biomarkers to measure exposure to different pollutants in the general population, with the National Health and Nutrition Examination Surveys (NHANES), conducted by the National Center for Health Statistics 7 in the USA, and the German Environmental Survey (GerES) 8 in Germany being considered paradigms of this type of studies.
Currently, human biomonitoring is becoming one of the main priorities of the European Union. The development of a coherent approach to biomonitoring in Europe is specifically included within the actions of the European Environment and Health Action Plan for 2004-10 9 . Both European an American Health Authorities 10, 11 have stressed the importance of paying special attention to pollution levels in susceptible populations, and more specifically, in pregnant women and children. According to the US Agency for Toxic Substances and Disease Registry 12 , there are critical periods of structural and functional development during both pre-and post-natal life which make children more susceptible than adults to hazardous substances, though for most pollutants these periods are still unknown. Children may also differ from adults in their capacity to repair damage from chemical insults and have a longer lifetime in which to express the deleterious consequences of such exposures.
In Spain, environmental surveillance has mainly relied on measures of selected pollutants in air, water, food and soil. In the last decade, however, several initiatives have been implemented with the aim of including human data in the framework of environmental research in different areas of the country [13] [14] [15] [16] [17] [18] . One of the most recent examples of studies including biological measures is the Spanish Childhood and Environment (Infancia y Medio Ambiente [INMA]) study, a multicenter cohort project with 3100 pregnant women, designed to investigate the effect of the most important pollutants during pregnancy and the first years of life 19 .
Purpose of the study
Madrid city and its metropolitan belt constitute the biggest urban area in Spain, with similar environmental problems than other big western cities. Vallecas Health District presents some of the worst socioeconomic and health indicators within the region. In 2000 the Regional Government approved an important investment plan to promote the development of this District, which included specific Public Health objectives.
In this context, the Public Health Authority of the Madrid Autonomous Region, which had decided to promote biomarker-based assessment of exposure to specific environmental pollutants in the general population, selected Vallecas Health District as one of the pilot study areas. The primary objective of this initiative was to design a surveillance system focused on newborns and their environment. Accordingly, a study was designed to study the feasibility of implementing a biomonitoring surveillance system in the region. The aims of that exploratory research were to ascertain the population's exposure status using biomarkers; to test the selected participant enrolment strategy; to measure a wide range of pollutants, for the purpose of selecting a subgroup to be monitored in the proposed surveillance system; to obtain samples of several substrates, in order to choose those most suitable for use at a population level; and to obtain reference levels in the study areas. This paper reports the design, response rates and field work results, and provides a description of the study population.
Study design
This is a descriptive study intended to enhance current knowledge of the pollution in the environment surrounding newborns. For that reason, it was decided that pregnant women at approximately 8 months' gestation and their partners would be included in the study population. In order to participate, subjects had to agree to answer an epidemiologic questionnaire and provide biologic specimens taken from themselves and the child, thereby constituting so-called «mother-father-newborn triplets».
Initially, this study was set out to recruit 100 complete mother-father-newborn triplets. To fulfill this objective, however, the number of couples to be enrolled was increased by 50% (150), since there was a certain risk of losing mothers at delivery and, by extension, newborn participants.
Furthermore, we decided to include the two main types of urban environment in which most of the regional population lived. To this end, half the sample was thus recruited from the Madrid City district of Vallecas and the other half was drawn from the Greater Madrid metropolitan belt (Parla and Getafe health districts). Some basic sociodemographic features of these two areas are shown in table 1. In this paper, most data are reported for the study sample overall.
The research team presented the study to hospital managers, pediatricians, gynecologists, and midwives at public hospitals in the selected areas, as well as to the primary-care departments of local health authorities and primary-care midwives.
It was decided that women were to be invited to participate in the study by the primary-care midwives in charge of pregnancy classes. The main reasons for opting for such an approach were: a) the desire to ensure that the research project was incorporated within the institutional health framework, so that the data-extraction schedule for this study could be coordinated with the standard follow-up of pregnant women, and b) the importance of having a person who was trusted by the women, involved in the enrollment process.
Training sessions were held at which midwives learned about the different steps of the designated fieldwork protocol and were provided with the basic material needed to fulfill the role that they were expected to play.
Enrollment
All pregnant women in their eighth month of pregnancy, residing in the selected areas and attending childbirth preparation classes in the public health care system were invited to participate, until the designated sample size had been attained. Midwives outlined the study goals and requirements and provided informative brochures. All couples willing to participate and meeting the inclusion criteria were recruited. Both parents were required to give their prior written informed consent to participate. No financial rewards were offered, but the social utility of the study was explained.
No exclusions were made in terms of parents' or newborns' disease, race or place of origin. Inclusion criteria were: to have resided in one of the study areas for a minimum of one year; and not to have reported receiving a blood transfusion during the previous year. logistic reasons, we also required women to be aged over 15 years, had single pregnancies, and intended to deliver their babies at the local public hospital. After a small pilot trial, recruitment started in October 2003 and lasted until May 2004. In all, 630 women in 35 sessions of delivery-preparation courses were informed about the project and invited to participate. Of those eligible, 52% stated that they were willing to take part in the study and invite their partners to collaborate. Finally, 149 couples (29%) were enrolled (table 2). Two of these women gave birth before the first scheduled date. Additionally, two couples and one father failed to attend any appointment. All of them declined any subsequent call from the research group and withdrew from the study at an early stage.
Approximately 70% of the pregnant women attending the labor classes completed a brief questionnaire, designed to collect basic sociodemographic data so as to enable the representativeness of the final sample to be evaluated. The characteristics of participants and non-participants who completed this form are shown in table 3. bag. It contained general information about the project, an instruction leaflet, and the logistic material for the study, including a breast-milk pump to collect milk samples, which was also handed out as a gift. All the material in the bag was pre-labeled with the trio number plus an identification character that would allow each of its members to be distinguished («M» [madre] for mothers, «P» [padre] for fathers, and «H» [hijo/a] for children). The necessary material for collecting biologic specimens was suitably labeled and wrapped in three packs, one for each member of the triplet.
Field work organization and sample collection

Phase 1: study entry
Midwives scheduled a date for both parents to collect blood and urine specimens, coinciding with the programmed control of the pregnant women at approximately 38 weeks of pregnancy. By appointment, trained personnel interviewed both parents at their home to complete the epidemiologic questionnaires.
Phase 2: delivery room
At delivery, mothers informed the hospital that they were BioMadrid participants, and provided the newborn pack included in the kit, with the blood tubes for cord blood and the labels to identify the placenta container, previously supplied to the hospital by the research team. Midwives attending the birth collected the required biologic specimens and registered basic information on labor. Placenta was collected and frozen whole. During hospitalization, pediatricians performed a clinical examination of the newborns and collected data on clinical, anthropometric and sexual development at birth.
Phase 3: at home
Three weeks after delivery, women were contacted by telephone at home to answer a brief breastfeeding questionnaire and to arrange for the breast milk and newborn hair specimens to be picked up. Mothers had previously received written instructions on how to collect these specimens properly, by using the breast pump provided and cutting a lock of their children's hair.
Biologic sample processing
All specimens were collected in accordance with specific protocols, in containers labeled with the subject identification number and date. In brief, five different types of specimens were collected (table 4). Adult blood speci-
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Aragonés mens (30 ml) and cord blood (12.5 ml) were taken, using the vacutainer system with different tubes, namely: heparine tubes for heavy metal and micronuclei analysis; tubes containing gelose for routine biochemical analyses; tubes with EDTA for routine hemogram; and empty, simple glass standard tubes for organochlorines and dioxins. The recipient laboratory identified the specimens with the case codes, performed the systematic hemogram and biochemical determinations, extracted the serum and then sent the heparinized tubes to the Genetic Department of the Ramón y Cajal Hospital for micronuclei analysis, and all remaining specimens to the Madrid Regional Public Health Laboratory (RPHL), where they were centralized, classified, frozen and stored at -70 o C. Urine specimens (100 ml) corresponded to the first morning urine passed on the date appointed for blood extraction. Receptacles had to be wrapped in aluminum foil to avoid light exposure, and were kept refrigerated at 2-8 o C by the recipient laboratory until submission to the RPHL.
Placentas were frozen at -20 °C immediately after birth at the maternity ward.
Milk samples (20 ml) were collected by mothers at the end of third week post-delivery, after having fed their babies. Milk receptacles were kept refrigerated (2-8 o C) until collected by study personnel, and frozen and stored at the RPHL. Three weeks postpartum and after the baby had been bathed, a lock of newborn hair was cut with scissors by the parents and kept at room temperature until analysis.
Environmental measures
As part of this research project, passive air samplers were positioned around study participants' place of residence, in order to take outdoor measurements of air pollutants. The aim was to ascertain exposure to nitrogen dioxide and volatile organic compounds (benzene, toluene, ethylbenzene, m+p-Xylene and o-xylene) in the two study areas. Passive air samplers, analytical determinations and methodology were in accordance with the INMA protocols 20 , though in our case a single sampling campaign was completed. A total of 80 passive air samplers were deployed, 29 in the urban area (Vallecas district) and 51 in the outlying area (Getafe and Parla districts). These measures may help to have a better knowledge of the study areas pollution profile.
Questionnaires
Questionnaires were used in all three phases of the field work. The design of the principal epidemiologic questionnaire, completed at study entry, took the INMA protocols into account so as to allow for future comparisons with INMA results. Sex-specific versions were initially tested on a small sample of mothers and fathers in each area, and some questions were reworded in line with the results of this trial. The interview lasted around 40 minutes and included questionnaires with several modules: sociodemographic information; tobacco exposure (lifelong use, recent and current smoking, and secondhand exposure); occupational history; socioeconomic data; environmental exposures at home; and, reproductive and general medical history (diseases, drug consumption, radiological exposure, and dental fillings). For women, an additional module registered characteristics and clinical events during the pregnancy. Dietary information was recorded, using a previously developed and validated food-frequency questionnaire [21] [22] [23] , which enables nutrient intake to be estimated.
At the hospital, health staff completed a sheet recording delivery and newborn health status and anthropometric data. Finally, a lactation questionnaire registered information on the lactation process and sample collection.
Ethical considerations
Both the study protocol and informed consent form complied with the principles of the Helsinki Declaration and were formally approved by the Ethical Committee of the Carlos III Institute of Health. As children were involved in this project, the final version of the protocol was also submitted to the official Children's Ombudsman for the Madrid Autonomous Region. Personal data and biologic samples were stored in accordance with prevailing Spanish legal and ethical requirements. Confidentiality was guaranteed. Participants were provided with a contact telephone number in the event that they might have any doubts or queries, or wish to withdraw their consent to participate at any time. Table 5 summarizes the main results. Of the originally planned 150 triplets, we finally recruited 145 mothers, 144 fathers and 135 newborns. It has to be taken into account that blood cord collection, which took place at approximately one month after initial parents' sample collection, had additional difficulties as it required that: a) mothers provide the material included in the kit to the hospital personnel, and inform that they were BioMadrid participants, and b) delivery circumstances permit the normal collection of samples.
Field work results
Among adults, blood and urine specimens were obtained in over 97% of subjects, the general questionnaire attained similar figures, and dietary record sheets were completed in 92% of cases.
In newborns, the most frequently obtained specimen was hair (96%) followed by cord blood (87%) (table 5). In one case lost to follow up was due to miscarriage. Other nine children with no biological samples were born alive, though were lost due to different reasons: one woman forgot to take the kit including instructions and material needed to collect the biological samples; four mothers were sent to a non-participant hospital to give birth due to overcrowded maternal wards in the reference centers, and in four other cases complications in delivery distorted the logistical arranged procedures.
The lowest figures corresponded to placentas (81%) and milk samples (74%). Fourteen of the lactating mothers answered the lactation questionnaire but failed to collect a breast milk specimen or provided an insufficient volume of milk. In general, participants reported that the instructions supplied were clearly understandable. All BioMadrid protocols are available upon request.
Discussion
This project is the first comprehensive study of pollutant levels in the population of the Madrid Region. It will provide an estimate of environmental exposure to different pollutants in several biologic specimens from fathers, mothers and newborns in the study areas, and will help design a feasible environmental surveillance system based on human biomarkers. In spite of the study's complex design, field work results can be considered as satisfactory.
Why triplets? Three populations at hand
After considering different strategies, it was decided that the target population of the study were to be triplets of mothers, fathers and newborns. This design enables environmental exposures to be simultaneously assessed in adults and newborns. The short follow-up included in the study rendered it possible for data about the whole perinatal period to be obtained. Fathers are not usually included in these types of studies, yet they nevertheless represent half the adult population and an important part of the environment in which children will be raised.
Our aim was to obtain a representative sample of the general population. The decision to study women who intended to give birth in a public hospital implied the exclusion of a proportion of couples with private insurance and, in all likelihood, higher income. Yet, there are several factors that probably served to lessen this bias: a) the universal coverage of the public health system in Spain; b) the good image of the recently-opened public maternity ward in the urban study area (Vallecas District), which even attracted people from other health districts, and c) the lack of private hospitals in the Madrid metropolitan area. Additionally, account must be taken of the fact that the design selected fertile couples in the third trimester of pregnancy, which means that, if a contaminant affects fertility or shortens pregnancy length, the concentration in our adult sample might underestimate its levels in the general population. public health care organization. Thus midwives, who were not part of the research team, were in charge of enrolment. Differences of involvement of midwives might have partially influenced recruitment rates by centres, though the research team maintained repeated personal contacts in order to encourage them. Even if it seems obvious, it is important to insist on the fact that recruitment is one of the critical points in this kind of studies and perhaps additionally efforts to explain the research and to motivate candidates might improve participation rates.
Participation
One might wonder if recruitment rates could have been higher, had we hired specific personnel for it. However, population studies which require active participation generally have low participation rates. In our case, the rate of women's initial agreement to participate (52%) was similar to those described in other studies of pregnant women in Spain (54%) 24 and lower than that of the general population of Western Germany (63%) 8 . However, our design entailed the need for agreement by a second population, i.e., the fathers, whose rate of consent to participate was similar. Consequently, overall agreement for this study decreased to 29%. In contrast, participants were highly motivated and played an active role in the logistics of the project, since they kept most of the specimen-collection material at home and were responsible for taking it to the extraction points and the maternity ward.
Our results showed that women who refused were similar to those who agreed to participate in this study in terms of age and parity, and proportion of non-Spanish subjects. Our sample might perhaps overrepresent people with healthier lifestyles and, probably, with a slightly higher socioeconomic status, since a higher educational level was observed for participants versus nonparticipants. Among mothers who took part, educationrelated and, to a lesser extent, health-related jobs were more frequent than cleaning-related occupations and housewives.
Biologic substrates and measures
One of the study objectives was to assess which biologic substrates might be more suitable for an environmental surveillance system. Owing to budget constraints, we had to find an equilibrium between sample size and the number of substrates and pollutants to be studied. We wished to test: a) the acceptability of each biological sample; b) logistic aspects linked to specimen -collection, -processing and -storage, and c) informative output, i.e., number and type of pollutants that can be effectively measured and the time frame that these represent. With respect to the toxicants to be studied, we selected the main agents to which a population like of Madrid is thought to be exposed daily, including certain heavy metals, persistent organic pollutants (POPs), and polycyclic aromatic hydrocarbons (PAH). Finally, micronuclei, a commonly used unspecific index of cytogenetic damage 25 , was incorporated to provide a biologic response marker of exposure to genotoxic agents.
Some initial lessons learned
Though blood is the most versatile substrate, it requires trained personnel, and there is an ethical limit to the amount of specimen that can be collected. Thus, for some of the pollutants, e.g., dioxins, blood from several participants had to be pooled in order to achieve the size needed for analysis. Some types of bio specimens, such as placenta and cord blood, were easier to obtain than had been supposed, since maternity ward staff are used to collecting these for other purposes. Moreover, in the case of placenta, it is a large organ that can be easily collected. In contrast, most newborn hair samples were regarded by the laboratory as being insufficient (less than 5 mg) for the purpose of obtaining accurate measurements. Additional non-invasive substrates that could have been included in the study protocol were nails and meconium. Repeated milk specimens, also easy to collect, could have been taken in order to store part for future purposes, though in that case telephone calls to remind subjects of specimen collection should be scheduled to avoid any possible oversights. Insofar as the selected biomarkers are concerned, cotinine could have been as well considered.
Conclusions
This project has enabled the complexity of implementing a surveillance program using biologic samples to be estimated. In the next future, we have still several questions to answer when laboratory analyses are completed, including the discussion about the most suitable toxicants and biological samples to be considered in a surveillance system. Nevertheless, the financial and human effort needed to put a system like this into operation calls for firm political backing. The results of this study will serve to tailor the design of any future surveillance system to the reality of the Madrid Region.
